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During the past century great advance has b§en made along a l l  
l ines of investigations concerning agricultural practices, and especially 
in the matter o f  chemical analysis of so i ls ,  foods, animals, and other 
agricultural products.. The f i r s t  great impetus in tnese l ines of work 
was given by Baron Liebig, a German chemist.; To i l lu s tra te  his work 
we w i l l  br ie f ly  consider one of his investigations. Taking a crop of  
grain from tne so i l  upon wnich i t  grew, he careful ly  dried and burned 
i t .  'I'he part of the grain that was given o f f  as gas during tne pro­
cess of burning he considered as having been derived from the atmosphere 
by tne plant, while the ashes that remained a fter  burning was the. 
part that nad been derived from tne so i l  by the plant during i t s  devel­
opment. By analyzing this ash ne considered that he nad found a l l  of 
the constituents that were necessary to be applied to tne so i l  as fe r ­
t i l i z e r s  for succeeding c;:ops.; By tne l ight  of la ter  s c ien t i f ic  invest i­
gation we know that one of the most important primary constituents of 
the plant, viz. , Mtrogen, is supplied for the most part to tne plant by 
the so i l ,  which is given o f f  during burning as a gas. This fact escaped 
Liebig, and hence invalidated his theory concerning the gse of manures;- 
but notwithstanding these errors, tne work of Baron Liebig cannot be 
valued too highly by future generations, i f  from no other reason than 
the splendid impetus i t  gave to agricultural investigations.
-2-
In order to prove or disprove some of the theories of Baron Liebig,
Sir John Lewes of Bothams tejfcd, England, began to experiment upon his
own account a fee years before the middle of the present century, from
this beginning in a small way has been developed the best, most re l iab le ,
and greatest amount of information concerning agricultural practises that
nas ever been produced, puring the development of these experiments an
enormous number of chemical analyses of foods, crops, animals and so i ls
have been made, and the published results have always been.standards for
the work of other experimenters along similar l ines.
As a result of this awakening among sc ient ists to the need of the
agriculturists, experiment stations nave been established in the United
States for the purpose of conducting experiments along lines of interest
to the people of the given states, and which are particularly valuable
because they treat of loca l  conditions and environments, a consideration
that must always be allowed for in any experiment. I t  soon became evident
that one of the f i r s t  and most important works to be done by these stations
was to investigate the soils,;  because they are fundamental in the process
of plant growth and development. The variety and kinds of plants grown
in a given loca l i ty  depends largely  on tne so i l  conditions.;
Among the investigators who have developed so i l  analysis in tne
united States are Hilgard of California, Whitney of Maryland, Osborne of
r£vt
Connecticut and Johnson of Connection t, -r*d however did most of his
work along Chemical lines of investigation particularly with foods and
plants of a l l  kinds.' Special work has also been done by tne German
w hich . . . .
Experiment Stations, wits have made several important modiiications m
the method of chemical analysis, and wMAhave also done some work along 
the l ines of mechanical analysis.
Soil analysis may be divided into two divisions, chemical analysis
dkr
and mechanical analysis. Mechanical analysis has to^witn the separating 
o f  the partic les which go to make up a so i l  into defin ite divisions, and 
to finding the re la t ive  proportion of the amounts of these various grades 
of partic les in a given so i l . '  In view of tne fact that chemical analysis 
received the f i r s t  attention of scientists, i t  was thought that a complete 
chemical analysis was a l l  that was necessary in order to make a systematic
study of tne so i l  in relation to plant growth and treatment during cu l t i ­
vation. but the plant is a better chemical laboratory tnan man can pro­
vide, and the chemist cannot always determine by means of analysis 
whether the plant food in the-soil is in the proper form and combination 
for tne use of tne plant or not.
ihe object tnen of a meenanical analysis is to supply tne informa­
tion tnat cannot be obtained from a study of cnemical analysis, for 
instance, taking the example a f  the "dead dog" so i l  again, i t  has been 
found that some kinds of plants thrive admirably upon this so i l .  By 
chemical analysis i t  has been found that this so i l  contains an abundant 
supply of plant food, and yet some of our most common crops do not thrive 
upon this so i l .  Indian corn does not attain i t s  fu l l  growth and develop-^ 
meat dn this so i l ,  while rye seems well suited to i t .  Again, taking the
so-called "hard pan" so i ls  of southern I l l i n o i s ,  a chemical analysis 
<x
fa i l s  to revel f,any information as to the proper method of handling the 
so i l  during cult ivation.'  isdecnanical analysis on the otner hand throws
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l igh t  upon the question of how to handle this so i l  in order to get the best 
results. Mechanical and chemical analysis go hand in hand in the invest­
igation of so i ls .
Ihi a er w i l l  be divided into two divisions, tne f i r s t  treating 
of the mechanical analysis of so i ls ,  and the second of chemical analysis 
together with the study of one or two peculiar so i ls  in tnis state.
THE MECHANICAL ANALYSIS OP SOILS.
Where Samples Should Be Taken.'
In otder that every sample of so il  may represent the area or a cer­
tain part o f  the area which i t  is  desired to study, i t  must not be taken 
where there are modifications due to local conditions. I t  is  better, 
where possible, to take the samples from cultivated f ie lds ,  or f ie lds  
wnich nave been cultivated. The agricultural value of such land is known 
from the character of the crop i t  has produced, and tnis is a very import­
ant guide in the selection of soil  samples. Por instance, in the older
agricultural regions, as in the eastern United States, especially in the
■
most f e r t i l e  so il  areas, there is l i t t l e  or no virgin land, and often 
l i t t l e  woodland. Where the trees are allowed to grow i t  frequently hap­
pens that i t  is  on some spot or area which has been abandoned for some 
local  cause, or which has never been brought nnder cultivation because 
i t  is of small agricultural value. A sample taken in these uncultivated 
spots would not represent the typical so il  area of the loca l i ty .  In the
case of special so i ls  which occupy comparatively small areas, as the
'
well know®, so called "Dead Dog"soil , i t  is best to take the sample
near the center of the spot of land as possible, in order that a pure
sample may be obtained. 5n Large spots of at least an acre in extent
-
i t  is  advisable to take three or four samples in dif ferent places and
. .
then mix these together in order to get a representative sample of the 
entire spot.
The samples should be taken inside a f i e ld ,  some distance from houses 
fences, roads, or trees. I f  plants are growing in the f i e ld  the sample 
should be taken midway between the plants. They should not be taken 
where the so i l  has been eroded, nor where the so i l  aas accumulated to an
unusual depth by washing down from above. I t  is  also better to take the 
samples from land which has not been freshly manured or fer t ix ized in
any way.
When i t  is desired to study local conditions in a given f ie ld ,  for
example, or of a farm, samples must be taken from several l o c a l i t i e s ----
at least from six places----at some distance from each other, according to
the uniformity of the so i l ,  thoroughly mixed together, and a sample 
taken of this mixture to represent the average condition of the f ie ld . '
flow Samples Should Be Taken.
Having selected the spot in conformity with the above instructions, 
there a*e two main methods for collect ing samples— wifh a spade, and with 
an auger. To co l lec t  the sample with a spade remove a l l  grass or l i t t e r  
from the surface and dig a hole 1 x 2  feet ,  l ik e  a post hole, and 27 inch­
es deep. Scrape the sides clean, and notice the depth at whicn the 
change of color occurs between the surface so i l  and the subsoil. i'a,ke a
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sample of the so i l  above this by cutting o f f  a s l ic e  of so i l  tnree or 
f$ur inches thick, down to the change of color, and mix this sample 
thoroughly. F i l l  a sack with tnis well mixed so i l ,  ihe sacks most con­
venient for spade samples are easily made. Any good thick, heavy cloth 
w i l l  do, but a medium weight of canvas is best. Out the canvas so as to 
make a sack six inches in diameter and fourteen inches long. Label the 
sack with such information as wi l l  serve to ident i fy  i t  at the laboratory, 
and t ie  i t  securely. Now clean out the hole again, and scrape the sides 
so as to get rid of every partic le  of top so i l ,  and take a sample of 
sub-soil in l ike  manner by cutting down a s l ic e  of the subsoil and 
thoroughly mixing i t  together, so that the subsoil- shall contain partic les 
of the subsoil to a depth of at least 27 inches. Put this sample of 
subsoil into a separate sack, t ie ,  and label i t  plainly. I f  there is no 
apparent difference between the surface so i l  and tne subsoil, take tnree 
samples, each to a depth of nine in ones, making a tota l  of 27 inches, 
and put into separate sacks as above. I f  tne subsoil changes before 27 
inches is reached, a separate sample should be taken at the depth noted 
at ahich the change occurs, and this sample put into a separate sack, 
making three samples in a l l .
However, the most successful method of taking samples is with an
auger. Ihe method is as follows: lake a common wood auger 13/4 inches
$iv I  .
in diameter and lengthen the handle out to 36 inches. Make a round f la t  
sheet iron plate about two feet  i^diameter with a hole in the center 
the same size as the auger. Now solder onto both sides of this plate 
around the hole a projecting piece of Sheet iron about 1/2 an inch nign,
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io that when the plate is  set down on the surface of the ground one of 
these projecting edges w i l l  push down into the so i l  and hold i t  firmly
around the hole, while the other projecting edge w i l l  be on the top side 
of the plate, o^w make a tin cylinder s l ign t ly  greater in diameter than 
the au f^er and fourteen inches high, so that i t  can be f i t t e d  over the 
projecting edge on the top side of the plate of sheet iron, and around 
the hole.;
The auger is now le t  down through the cylinder and turned until
■ while
suff ic ient  so i l  is bored out, the auger is then pulled up, the tin 
cylinder holds the so i l  perfectly  in place. The cylinder with the auger 
of so i l  inside may now be l i f t e d  o f f  the sheet iron plate. During the 
process the projecting edge on the under side o f  the sheet iron plate 
prevents loose dirt  from tumbling into the nole, and also prevents the 
d ir t  about the top of the hole from caving in, and supports i t  firmly.
The grass and l i t t e r  should be removed from toe spot wnere tne sample 
is to be taken , and tne samples taken in separate depths of nine inches, 
each depth being put jin to a separate sack as above, tied securely, and 
labeled.' The depth to which the auger goes to get each separate depth 
of nine inches should be determined by experiment and so marked upon the 
handle that i t  can be easily told during the process of taking samples.
I f  there is a marked difference in the character of the subsoil within 
18 or 20 inches of the surface, a separate sample should be taken of the 
separate subsoil, the depth of each being carefully noted. Of course 
i t  is  understood that the samples are taken from a vert ica l  hole, one 
direct ly  over the other.
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Sacks ffor Collecting Samples.;
As stated before, the sack for spade samples should be made of med­
ium weight canvas, 6 x 14 inches, ir^order to hold eight to ten pounds of 
so i l . '  for auger samples a smaller sack is best, as the sampling is  
usually more accurately done than in the case of spade samples. Sacks 
6 x 3  incnes are convenient for/cUiger samples. The sacks should have 
short strings fc.ewed to them for use inftying, and they should be so number­
ed as to be easily distinguished and for convenience in referring to them.' 
There should also be a tough, strong tag attached to each sack, the 
ordinary shipping tag answering this purpose admirably.' The tags used 
by the Department of Agriculture have a handy form upon them for easd in 
reference. The form is as follows:
1$ 3»H1 6 ; • < LllLLLI LLLLLLLLL LLLLL—LL LL__ L_- — ‘___ ■
Do cal i ty _Li_LmnLL._i_Li_L.i-uh.i-Lnm.i-:__________________
Type (Crass, wheat, corn, tobacco, truck, vitg in, barren land.)
• i i < i < < ’ i > t < < i t ■ ' i ■ ___^_LLLl___LLLLLL*
Depth o f  Sample, __< ■ ■ ins, to ....... ins.'
Character o f  Sample ■ ■ ■ ■' < < < ■ » ■ < » < » ■ ■ < < ■_____________ __i__
* { • i i < ( ( t i i i < i < t i t » i i i ■ i i » \ i » ! i i i LLL* LU llL* —' —
Geological formation_  ......... . ■ 1 ■ ■ ■____ :  ‘
Mo.; of sack ■ ■__< < ■ ■ .'
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Methods of Mechanical Analysis.
The method used by the Department of Agriculture fo r  the mechanical 
analysis of so i ls  is the Osborne beaker method.; This method is open to 
very grave charges as to accuracy o f  work in separating the d if ferent 
divisions of so i l  particles.;  In the f i r s t  place i t  is  almost impossible 
even by a skil led operator to determine in a column of l iquid the exact 
point where one division shades o f f  into tne next division in size. ' IDven 
i f  the exact l ine could be found, i t  is pract ica l ly  impossible to remove 
the l iquid with the desired division of partic les in i t  witnout disturb­
ing the lower l iquid and in this way mixing up the divisions.'
In order to prevent flaculation or the adhering of the so i l  partic les 
together, i t  is recommended to boil the liqrnid. I f  this is done the 
amount of error is greatly increased, as tne curren—t of warm water would 
constantly tend to mix tne l iquid more and more, so that no satisfactory 
results could possibly be obtained. Another strong objection to the 
Osborne beaker method is  the time i t  takes to carry out an exoeriment of 
tnis kind and to make an analysis. The complete so i l  analysis by this 
method would occupy two weeks time, and the results would not be re l iab le  
or satisfactory except under the hands of the most sk il led operators, and 
even then the chances of error are very great.
In view of the fact that the importance of mechanical so il  analysis 
is coming to be recognized more and more, and that such analysis adds much 
to our knowledge o f  the condition of the so i l ,  i t  was considered advis­
able to investigate the methods of mechanical analysis with a view of 
finding a method which would eliminate thE many objections uiged against
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the present methods. As a result of this investigation we tire enabled to 
present here a new method of mechanical analysis which does eliminate 
the errors and unsatisfactory parts of the old metnod§ and wnich bids 
fa i r  to supplant them as an accurate and re l iab le  method of so i l  analysis.
THE NEW METHOD OF MECHANICAL ANALYSIS.
Preparation of Samples.
Samples of so i l  when received in the laboratory are spread out in a
tAxA-TL
thin layer and dried at the temperature of the room, being air dried.
I f  the sample vme^very wet when received the so i l  should be worked f re ­
quently, in order to prevent i ts  caking. I f  the sample is placed in a 
heated room or over a reg ister  for twenty-four hours i t  w i l l  hasten the 
drying and w il l  not injure the so i l  in any way. Roots and l i t t e r  of a i l  
kinds are thrown away i f  they can be readily picked out by hand.
After the drying process is completed the sample is poured on a 
sheet of o i l  cloth, or better, on a sheet of rubber coated cloth, and 
worked up by rubbing the small pieces of so il  between tne fingers. A 
good implement to use in this connection is a wooden ro l l ing  pin, the same 
•fa-hing that is used by housewives for ro l l ing  out dougn, etc.,  which is 
ro l led  over the sample and pulverizes the so i l  without injuring i t  in any 
way. The f i r s t  sieve used i s ^  brass oiovo with circular holes 2mm._ in 
diameter, in order to separate the stones. In order to get the earth 
through this sieve i t  is usually necessary to place tne sample in a moi— 
tar and rub i t  gently with a wooden pestle, never using a stone pestle 
as i t  would injure the partic les of so i l ,  and also tend to grind up the
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large gravel and stones into fine divisions. g^V~~///
The stones which are separated out by means of the 2mm.; sieve are 
washed, dried, and weighed, the weight being deducted from the or ig inal
weight of the sample and the percentage of coarse gravel calculated.; The 
portion wnich has paased through the 2mm.' sieve is used for mechanical 
analysis, and is  placed in a clean glass jar.;
Method of Determining Moisture and Organic Matter.
From f iv e  to ten grams of the ail? dry sample are put into a platinum 
crucible and dried in a water oven at a temperature of 100°: c. for f i v e  
hours, and tne weight taken. This process of weighing is continued until 
the weight is constant. The loss in weight is taken to represent the 
amount of moisture in the air dry sample.'
After drying, the sample is used for the determination of organic 
matter. The platinum dish is now heated at a low red neat until a l l  
the organic matter has been oxidized, the so i l  usually turning from a 
dark to a l ign t  color. The weight is now taken, the loss during ignition 
representing the organic matter. Here too the burning should be repeated 
several times in order to bring the sample to a constant weight.
Method of Mechanical Analysis.
I t  is  essential that the mass of so i l  should be thoroughly disin­
tegrated and the grains separated from each other. This is  accomplished
by the following method. Twenty grams of the so i l  are weighed into a ___
glass bottle. Tne bottle  used in this experiment was a wide mouthed 
bott le 6 inches nigh, 2 1/2 inches in diameter, and capable of holding 
300 cc.' of water. After the so i l  is weighed into the bottle, i t  is
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moistened with one or two cubic centimeters of d is t i l l e d  water, and a 
rubber cork placed in securely so that there can be no escape of liquid.;
The bottle is now carefully labelled and placed in a special macnine for
shaking. The form of shaker used in this experiment is snown in the 
Au CaJ'Ty
i l lustra t ion ,  i t  consists of a shallow f la t  box 2 feet  2 inches long
by one foot 9inches wide arranged with compartments for holding
A
three t iers of bottles laying on their sides, each bottle having a separate 
compartment so as to hold i t  firmly in place duriDg motion.; The machine 
holds thirty bottles when f i l l e d .
The box is supported by four thin, strong, hickory braces, one at 
each corner, attached at the top to the box and at the bottom to the 
strong frame. These braces are four feet  four inches in length, and are 
capable of being sprung considerably. Attached to tne under side of the 
box is a piston rod, which in turn is attached to the rim of a small 
wheel. This piston rod is so attached to the wheel that wnen tne wheel 
revolves i t  pushes the box forwards and then backwards, giving i4r, the 
box, a jerking motion. This is run by a 1 1/4 horse power motor, and when 
run at a high rate of speed the box is shaken severely, at the same time 
shaking the bottles thoroughly so that the so i l  partic les are washed 
about. The hickory braces tend to give the box a springing motion, pre­
venting too severe a jar, so that i t  wil l  reduce the racking to the 
machinery. Indeed, the machine when running at fu l l  speed runs almost 
noiselessly , so much so that i t  cannot be heard in an adjoining room. I t  
is advisable to run the shaker twenty-four hours for each sample, as in 
most soils i t  requires this length of time to thoroughly separate the
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so i l  partic les. At the ordinary rate of about 250 revolutions per min­
ute, this length of time is suff ic ient for almost a l l  so i ls except the 
heavier clays. In these cases the machine should be run for about forty-  
eight hours, or even longer i f  the so i l  is  particularly resistant. The 
shaker is run of course without any attention on the part o f  the operator, 
so that the shaking can be started a long time before the samples are 
needed, in order that there be no interruption in the work during analysis.
When the shaking is stopped the bottles are taken out of their com­
partments and set in an upright position upon a table. The sediment 
which quickly sett les to the bottom of the bottles is examined with a 
microscope. I f  the disintegration is complete the grains w i l l  show 
sharp, clear outlines, ordinarily being quite transparent. I f  the process 
of disintegration is not complete the part ic les g i l l  appear more or less 
rounded and somewhat colored. I f  this is the case i t  is best to resort 
to pestling in order to hasten the opefation. This process of pestling is 
accompanied by transferring the contents of the bottles into a large 
sized porcelain mortar and gently rubbing tne mass of sediment witn a 
rubber tipped pestle. Care should be taken that tnis rubbing is not so 
severe as to crush the partic les. Sow after f i f te en  minutes of pestling, 
wash the so i l  back into the bott le and shake for at least two nours.
After examination with the microscope has proven the complete disin­
tegration of the partic les, the bolte is thoroughly shak3<n and twenty- 
f iv e  cubic centimeters of the liquid, is removed with a 35 ce. pipette.;
This is done as quickly after shaking as possible in order that the remov­
ed 25 ce. of liquid w i l l  contain a representative sample of the so i l .
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This 25 ce.; is now drained into a glass cylinder, a Nessler's tube used
ALX^b <W * y T T
in chemistry for ammonia tests.; This cylinder is 6 1/4 inches long, 1 1/4 
inches in diameter, and marked to hold 100 ce. of water. I t  is  divided 
into two divisions by marks on tne exterior of tne glass, tne lower one 
calibrated to 50 cc. and the upper one to 100 cc. This cylinder is now 
f i l l e d  up to the 100 cc. mark with d is t i l l e d  water, a rubber cork f i t t e d  
in the top, and the tube thoroughly shaken in order to distribute the 
so i l  evenly through the water. The cork is  then removed.' In l ike  manner 
theee other cylinders are prepared, -earThe 'four cylinders hold the entire 
twenty grams of the or ig inal sample.' I t  has been found advisable to add
to tne cylinder of l iquid a l i t t l e  ammonia----about 5 cc. of  a .96 sp. gr.
solution----in order that flocculation be entire ly  prevented. Inis
precaution wi l l  only be found to be necessary with very heavy clay so i ls .  
After a number of tests i t  was found tnat 5 cc. of alcohol accomplished 
the same result and prevented the flocculation.
These glass cylinders are now placed in a centrifugal macnine wnicn w i l l  
be described in deta i l .  The machine is so constructed as to hold a 
broad, round steel plate which can be made to revolve at a high rate of 
speed. Ihis plate is made o f  the best steel which has been turned in a 
lathe until i t  has been reduced to 1/2 an inch in thickness, and is of 
exactly equal thickness at a l l  points. The plate is 14 inches in diameter, 
and at equal intervals around the circumference,round notches 2 inches 
deep are cut in the plate. Swinging in these notches hang iron cuds, 
which are three inches deep by 2 1/2 inches in diameter, and fastened to 
each side of the cups are strong bands of steel which project two inches
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above the sides of the cup. The upper ends of these steel bands are so 
fastened to the steel plate as to allow the cup to swing outward easily, 
and then when the cause of the swinging is  removed the cups f a l l  back to 
their orig inal upright position. The eight cups are placed at exactly 
equal distances around the circumference of the steel plate in odder that 
when the plate is made to revolve at a nigh rate of speed the motion is  
perfect ly  equal.and the plate runs smoothly and without any jerking, which 
would soon tear the machine to pieces when run at the necessary high 
speed. I t  also follows that the cups must be of exactly equal weight in 
order to be perfect ly  balanced. Added to this is the fact that the cups 
as well as tne fastenings are made of the best steel and so finished that 
they are strong enough to stand a heavy strain. \7j_
The steel plate with the cups hanging aroung i ts  circumference is 
screwed onto a vert ica l  shaft^ and below the plate a small pulley is also 
fastened onto the shaft. The lower end of tne shaft rests in a suitable 
boxing which presents the best support for the machine, and at the same 
time does away witn a l l  unnecessary fr ic t ion .  The cup in which the lower- 
end of the shaft rests is so arranged that i t  w i l l  hold enough o i l  for 
several hours of motion. The cup is neld in position by two strong, 
thick horizontal steel bars, unich are in turn fastened to the vert ica l  
framework. Tne top ends of the vert ica l  steel bars of tne frame are 
securely fastened to a round steel plate 2 feet  in diameter in the center 
of wnicn is fastened a boxing in which the shaft works and is held in 
place. Midway between the f loor  and this plate there is  the pulley de­
scribed above, tnrough which the shaft passes and by means of which i t  is 
is turned.; -Just above this plate is tne circular steel plate with the
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c u d s . This plate and the cups are enclosed in a strong steel hood with
a movable l i d  for a cover which can be l i f t e d  back in order that the
A
operator may get at the cups. The steel hood is fastened onto the frame
of tne machine around the edge of tne iron plate, and is ten inches high.
When the shaft is turned and the steel plate revolves rapidly carrying
the cups around with i t ,  this moving mechanism is enclosed ist a strong
stee l  box, so that i f  any of the cups should get loose or any accident
happen during motion, the operator would be protected from injury. At the
same time the hign speed o f  the cups whirling about in the enclosed space 
inakes a partia l vacuum and thus does away with a considerable resistance
of the atmosphere which would otherwise seriously interfere with tne
bringing about of a su f f ic ien t ly  high rate of speed.;
Hastily reviewing this centrifugal machine then, we have a steel
shaft 1 inch in diameter and 22 inches, long, set at one end in a special ly
prepared cup and held in place in a ver t ica l  position by a broad, round,
f l a t ,  iron plate near the other end, which plate in rea l i ty  forms the
bottom of a circular steel box. Fastened to the circumference of this
plate is a broad band o f  steel projecting above the edge of the plate for
ten inches, thus making a round box ten inches deep. Over this box is
f i t t e d  a circular cover which can be raised at w i l l ,  and necessarily
when the machine is in motion this l id  can be securely clamped down,
e/cc
forming a tignt steel box. About ten inches from the lower end of the
A
shaft is set the small pulley over which a belt is  run to the souree of 
power, a 1 1/4 horse power motor.; At tne upper end of tne steel shaft, 
inside the steel box, is fastened the steel plate fourteen inches in
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diameter and 1/2 inch thick, /iround the circumference of this plate 
are hung eight cups at equal distances, so that when the pilate is re­
volved by the shaft the whole thing is exactly evenly balanced and runs 
perfectly  true. The cups are made so that the glass cylinders described 
above may be set in tnem, and they w i l l  be held ta or e securely while they 
ate being revolved at a high.rate of speed. I t  was found necessary to 
place thin pieses of blott ing paper around the insides of these cups 
in order to make the glass cylinders f i t  snugly and prevent any danger of 
creaking. I t  was also found advisable to place glass cylinders of 
exactly equal weight opposite each other on either side of the plate, 
in order that the machine m.ii»h4 be balanced. I f  cylinders of exactly 
equax weights cannot oe found, the dif ference in weight can be determined 
and adjusted by placing some object whose weight is this difference^in the 
cups, and always placing the glass cylinders back in the same cups.
Before proceeding further with an explanation of the method and 
description of the machinery, i t  w i l l  b^fcecessary to explain somewhat 
in detail  the table of divisions into which the d i f ferent sized partic les 
o f  the so i l  were divided. The table used by Milton Whitney of the U.: S.: 
Department of Agriculture in his bulletin No.; 4, Division of Agricultural 
Soils, is  as follows:
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Diameter
(mm,)
Conventional
Names.;
Per Gent.
(1) 2-1 Fine gravel —
(2 ) 1-.6 Coarse sand —
(3 ) .6-. (25 Medium sand —
(4) J25-.1 fine sand. —
(5) .1— 05 Very f ine sand —■
(6) .05-.01 S i l t —
(7) .01-.005 fine s i l t —
(8) .005-.0001
< ( { < ( . (  <( <<■( » <
Clay
< < < i < \ ■ « i i < ■
1'otal mineral matter —
(9) boss at 110°' 0.; —
(10) boss on ignit ion , —
Total —
from tne fact that eacn division must contain a number of particles 
none of which are exactly the same size, but of sucn a size tnat tney 
come within tne l imits of a certain grade, we must coneiude from a study 
of this table, that i t  is open to very serious objection. If'or instance, 
take the f i r s t  division, 2-1 millimeters in diameter;.; I t  is evident 
that within the division we have a mass of partic les varying in diameter 
from one to two millimeters.; I t  might very l ik e ly  oecut that a great 
proportion of this mass of particles would have a diameter of one m i l l i ­
meter so tnat they would just come in tnis division, ufnile only a rela­
t ive ly  few partic les would be two millimeters in diameter.; We would in
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this way get an erroneous idea of the amounts o f  the dif ferent sized 
particles.; This is fo r  tns< f i r s t  division.; ffe find as ®e follow down 
the table that this dif ference in the proportionate amounts of the 
individual divisionSto tne entire amount of so i l  becomes greater. A’gain 
taking for example the last  division, we find that i t  includes those 
Partic les whicn are from .0001 of a millimeter in diameter to .005 of a 
millimeter, in other words, the largest part ic le  in this division is 
just f i f t y  times the size of the smallest part ic le .  In the next division 
we have partic les o f  so i l  ranging from .005.of a millimeter in diameter 
to .01 of a millimeterjin diameter.; In this division tne size of the 
largest part ic le  is just twenty times the size of the smallest partic le .  
In these two divisions then we have a great dif ference in the range of 
size in tne individual divisions, so that a proportional estimate of tne 
amount of eacn of these divisions Would not represent a trutproportion 
of the amount of tne dif ferent sized partic les to the whole amount of 
so i l .  In other* words, each division is made up of a large number of 
divisions between tne two extremes of size in tne division, the largest 
and the smallest.. In order to get an accurate standard of comparison the 
number of the secondary divisions ought to be equal in each of the 
primary divisions. I f  the actual weights of the divisions given by 
Whitney were taken into account alone, tne figures woula of course repre* 
sent nothing but the actual amounts of the divisions as la id down by aim.' 
But when we consider the dif ferent per centages erf these divisions as a 
proportionate amount of tne tot&I amount of so i l ,  the resulting figures 
give an erroneous impressior^Df the actual proportion of these dif ferent
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divisions to the whole.; The divisions are arbitrary and not lafid down in 
accordance with the thought o f  maintaining a proper relation of the 
divisions one to the otner.
In order to eliminate the errors presented by tne above table a new 
system of divisions was made, inis table is based upon the principle 
of geometrical progression, and is meant to divide the so i l  into d if ferent 
grades according to regular gradations from the largest to the least, 
ror the present i t  s3<ems advisable to select a system that a:an be com­
pared with the existing tables, in order that comparisons of work may be 
easily made in
The Interpretation of Results.
Ihe following table was adopted for use in so i l  analysis, taking the 
square root of 10 as a factor.
Scale of Divisions.
/ 10 mm -  ( i ) 0>3.'16 .
/TO -  l.( -  U ) 3.16 -  1.00 !HID .
I . ' -  .1/5 U =  (3) l. < -  . 816 »
.■'vTT.- .«l (4) .316 -  .1 tt
.1 -  .01/3* =  (5) .1 -  .0316 II
.01/10 -  .01 -  (8) .0316 -  .01 H
.o i -  .oon/To -  ( .01 -.0033 M
<.003/10 =  (8) H
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I'he ratio is  constant, and i f  the analysis means what i t  ought to 
mean, the ratio should be constant.; 'I'he number of divisions whicn this 
division makes is practical,  and by simply putting two grades into one 
throughout, the results become comparable with Whitney's et al. The
divisions touch at 1., .1, .01, and .001. Thus we would have
> . l  m . or \>1.' m
i.< -  .a 1.' -  .1
.1 -  .01 1 -  .01
.01 -  .001 . < .01
<  .001
Whitney's results can a l l  be recalculated to any one o f  these scales.
Determination of Size of Soil Part ic les .
In connection with this table of divisions i t  is well to study the 
method of getting at the actual size of the partic les in the so i l ,  i'he 
measurement is done in every case witn toe aid of the microscope. The
/VO
method is as follows. The microscope used »  a Bausch and Bomb com­
pound instrument with a 1 inch eyepiece and 1/5 inch and 3/4 inch object­
ives. The measuring is done with a common eyepiece micrometer, toe 
measuring power of which is accurately determined by the use of the 
standard micrometer, and the focal distance so adjusted that by simply 
reading the number of spaces on the eyepiece micrometer the actual size 
of the ob ject ( in millimeters^can be readily calculated, for instance, 
by proper adjustment i t  is found that one space on the eyepiece micronic 
etec measures .00012- of a millimeter on an object under the objective. 
Then the size of any abjeet undeffi the microscope can be readily calcu-
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lated.' The results here given are given in parts of a millimeter for 
consenience, but can readily be recalculated to the old inch scale i f  
so preferred.
By experimentation i t  was found tnat with a one inch eyepiece and 
a one f i f t h  inch objective each space on the eyepiece micrometer measured 
.00012 mm.; on an object under the objective. By observing this we get 
the following table, snich is simply the number of spaces on the eyepiece 
micrometer corresponding to the divisions of the table. With the tnree- 
fourths inch objective each space on the micrometer equals .05784 mm.'
( 1 . space equals 3th division.
f 3
i f 7th i f
With 1/5 in. obj.
S 10 u I f 6th I f
( 31 m i f 5 th I f
With a/4 in. obj.
( 6 i i H 4tn i l
f 18 h i f 3rd H
Ihe U**t iac divisions are determined by the use of sieves, so tnat 
no microscope is needed.
A drop of water containing tne clean so i l  particles is  dropped on a 
clean glass sl ide, and a clean cover placed over the water. I t  is then 
placed under the microscope, and the proper focus £ound at whicn the 
so i l  particles appear clear, sharp, and de f in ite .  Ihe dividing l ines on 
the micrometer appear projected in tne same f i e ld  with the partic les, so 
that the partic les appear to cover di f ferent numbers of l ines according 
to the size of the partic les. By simply counting the number of l ines 
wnicn tne partic les take up t:nd cover, the division into which they f a l l
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can be told at a glance.; I f  the particles do not appear absolutely dis­
t inct they should be stained.' The staining is  best done with the blue 
staining reagent used in bacteriology. Dry the drop of water on the 
s l ide containing the so i l  partic les, and neat gently by passing tngough 
a flame from a Bunsen burner three times. This w i l l  f i x  tne so i l  part ic le  
on the sl ide. Mow drop on the partic les a drop of ethyl methyline blue 
and allow to stain for f i v e  minutes, wash gently with water and put on 
cover glass, when tne so i l  partic les should stand out perfectly distinct
and clear, colored a beautiful blue. I t  should be said however i f  the
aJUrtuSLc! Ua
particles are to be photographed,^ as this makes teem impossible to Hi 
photograpntbby the usual process of micro-photography.
Process of Mechanical Analysis.
ine sample of so i l  is  prepared as stated under tne head of "Prepara­
tion of Sample", and tne bott le is removed from tne shaker and set on a 
table, which aiso holds the set of eight glass cylinders described above.
A 10 cc._ pipette is used to transfer the water containing the so i l  from 
tne bottle to the cylinders.' The bottle is thoroughly shaken in the hand 
in order to mix tne so i l  thoroughly through the water, the cork quickly 
drawn out and laid down on tne table beside the bottle, and 10 cc. drawn 
out of the bottle by means of tne pipette, and then allowed to run into 
the glass cylinders. Inasmuch as there was twenty grams of so il  in the 
bott le  diluted with 100 cc. of water, each 10 cc. drawn out with tne 
pipette w i l l  remove two grams, from the bottle and place i t  in the glass 
cylinders. This process is continued until the eight glass cylinders
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have been treated exactly alike, and each contains two grams of the sample 
in solution. Ihe cylinder^ are now f i l l e d  up to the 100 cc. mark with 
d is t i l l e d  water, so that as f in a l ly  prepared eacn glass cylinder contaips 
two grams of the sample of so i l ,  diluted to 100 cc. with d is t i l l e d  water.
The reason for taking two grams of so i l  for eacn cylinder is that 
this amount seems to be best adapted for a quick and easy separation.
When a larger amount is used the separation is  long and tedious, wnile a 
smaller amount is so small that the least loss would result in a big 
error in the results.
Bach glass cylinder is  now shaken thoroughly ii^order to distribute 
tne so i l  particles evenly throughout tne l iquid, and then set in i ts  
respective cup in the centrifugal macnine. C'tAyf"  X
The machine is now started to revolve, slowly at f i r s t ,  by means of 
the e lec tr ic  motor, and the speed gradually increased until tne.desired 
number of revolutions per minute are obtained. After tne machine has been 
run for a few minutes at a high rate of speed tne particles of so i l  
whicn were evenly divided throughout the l iquid are found to be thrown 
down to tne bottom of the glass cylinder in even layers or gradations, 
the largest and coarsest at the bottom, being thrown down f i r s t ,  then the 
partic les gradually decreasing in size until the very f inest are found 
suspended in tne liquid. By prolonging the revolutions of tne machine 
the smallest partic les can be thrown down, and the l iquid above tne layers 
of so i l  at the bottom of the cylinderywill be perfect ly  clear and free 
from so i l  partic les.
Tne'force acting here upon the partic les of so i l  is centrifugal
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force, and the resulting phenomena is somewhat comparable with the action 
of the milk separator. The action of the centrifugal force throwing
down the larger partic les f i r s t  and then the smaller particles in reg-
/
ular gradation may be i l lustrated in the following manner.; The spec i f ic
gravity of the so i l  partic les is nearly the same, or so nearly equal that
no attention need be paid to the sl ight dif ference. But in fa l l ing
through: the l iquid tne resistance to the part ic les  passing through the
l iqu id  makes the separation, The resistance to a: small part ic le  is
greater in proportion to i t s  weight than a larger Darticle. For instance, 
•UK-*,
& part ic le  .1 of a millimeter in diameter, and another part ic le  ..01 of 
a millimeter in diameter.' Now there is less surface on the part ic le  .1 of 
a millimeter in diameter in proportion to i ts  weight than there is on 
the one .01 of a millimeter in diameter, providing, as is tne case, that 
the material composing the partic le is of nearly the same specif ic gravity 
Take again a part ic le  of so i l  or a gravel 1 mm. in diameter, which we 
w i l l  cal l  (a ) ,  and another partic le  10 mm. in diameter, whicn we w i l l  ca l l  
(b ) .  Now the circumference of
a equals l4, x .7854 x 3 equals 2.3562; 
b " 10fc x .7854 x 3 " 235.62.
In other words, the circumference of (h) is just on e hundred times 
the circumference of (a ) .  The specif ic  gravity o f  (a) equals that o f  
(b ) .  Hence supposing (a) weighed 1 gram, (b) would equal 1000 grams in 
weight.
Now we see that although (b) has one hundred times the circumference 
of (a ) ,  and hence 100 times the total resistance, there is 1000 times a.s
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auch material in (b) as there is in (a ) .  Consequently the resistance 
to equal parts of material in (a) and (b) is one tentn in (b) that o f  (a ) ,  
and hence (b ) ,  the larger partic le,  would be thrown down f i r s t .  Sow when
the force of gravity is increased by means of tne centrifugal force the 
resistance is also increased greatly, as we know that a slight increase in 
motion in a s.tifp through water meets with an enormous increase in res is t ­
ance. So here the dif ference in the resistance upon the large and small 
partic les may even be exaggerated,’ so that we get a s t i l l  more complete 
and perfect separation of the dif ferent sized partic les.
In the case of the so i l  partic les, the larger partic les, wnieh are 
tne heavier, are acted upon by tne centrifugal force and drop down to 
the bottom of the glass cylinder f i r s t ,  the next in size fa l l in g  down 
next, and so on in succession until a ll  the grades of sizes of parti­
cles are precipitated and l i e  in regular according to the size o f  the 
partic les in tne bottom of tne glass cylinder. rtnen a l l  of tne partic les 
are precipitated, the distinction between tne layers of dif ferent sized 
partic les can be easily told by simply looking at tne'outside of the 
cylinder. The edges of tne layers are nere presented, and the dif ference 
in size, color, etc.;, are distinct between the layers of dif ferent sized 
partic les.
fhe centrifugal force acting nere, and the force of gravity acting 
in the case of the Osborne beaker method are similar in securing results.; 
fhe only dif ference between the two is that in this case the centrifugal 
force is much more powerful than the force of gravity and hence acts more 
quickly;- and secondly, the centrifugal force can be varied in strength
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aad power at the w i l l  o f the operator to suit dif feeent conditions of 
s o i l .
The separation is accomplished by so varying the number of revolu­
tions of the %chine and the length of time of running that the d if ferent 
grades can be made to remain suspended in the l iquid above the layers 
at tne bottom of the glass cylinders, and tnen the l iquid drawn o f f  and 
poured into a separate beaker, in this .way getting each grade by i t s e l f . ’ 
In order to de f in i te ly  get at tne method of separation, the actual 
nrocedure gone through with in the oo%  of tne so-called "dead dog" so i l  
w i l l  be given, a fter  which i t  w i l l  be discussed.
Tne sample was prepared as above described and the-glass cylinder
i=>eu in the centrifugal machine. The machine was started slowly and run
for f i f te en  minutes at a speed of about 1^ 00- revolutions per minute. The
size  of tne partic les in tne l ioa id  was then tested with the microscope.
iri8 l iquid was drawn o n  with a 100 cc. pipette and poured into a large
beaker. The operation was repeated f iv e  times with the whole set of 
 ^> . . .  ’ , . _
^l&ss cylinders, and the l iquid a l l  poured together into a beaker for 
eash ojMnder.- lach cvlindef was keot senarate. and the l iouid from 
each was kept in a separate beaker.' At the end of tne five workings 
tne l iqu id ja f te r  the turning was perfeotly clear and no partic les remained 
suspended, which showed that the partic les of this grade had a l l  been 
separated.
The speid was now reduced by means of tne rheostat in connection 
frith the motor to about 300 revolutions per minute, and the length of 
time reduced to ten minutes.’ The size of these partic les was found
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aad tiie operation continued until a l l  particles of tnis size were removed.
liie speed was reduced again for the next separation to 600 revolu­
tions per minute, and the time to f ive  minutes.- The size of the partic les 
was accurately measured, and the separation made complete.- The next 
separation was made at the same speed, but the time of revolving was 
reduced to two minutes. Here again tne part ic les were measured and 
the separation made complete.-
By a great number of t r ia ls  i t  was found that the next separations 
could be made more easily by the gravity method than by a continuation 
o f  the centrifugal method.- The particles had become so large that they 
sett led so rapidly that the time l imit could not be found accurately 
enough when using the machine to jus t i fy  i ts  use. Accordingly the next
f
separation was made by s t irr ing  up the so i l  which had sett led to the 
bottom of the beaker and allowing i t  to stand f i v e  minutes, after which 
the l iquid was drawn o f f  into another beaker and the size of the 
partic les in this l iquid determined. One hundred cubic cemtimetere of 
water was added to the so i l  in the bottom ci the beaker, tne whole 
st irred thoroughly and allowed to stand two minutes, and the operation 
repeated as above. The remaining soil was<-^ound to f a l l  into one grade 
of tne largest sized patticles.;
Jhe operation may be more c learly understood by mean^bf the follow­
ing tab le :-
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Grade Time of Speed lime of Size of
revolution standing part ic le
1 15 minutes 1200 per min. ^.0032 mm.
2 10 » 300 " " .01-. 003 2
3 5" 600 " " .0316-.01
4 2 " 600 " " .1— .0316
•5 10 min.' .316— 1
6 2 " .1— 316
7 3.16-1
8 Separated with. sieve ^ 3 .1 6
Witn tne dif ferent so ils experimented upon i t  was found tnat this 
table answered for a l l ,  with tne exception tnat the number of times 
the separation had to be repeated in order to get a l l  of each division 
together varied greatly with tne individual so i ls ,  and this can only 
be determined by experiment upon each new and untried so i l .
The dif feeent divisions are now in solution in dif ferent and separate 
beakerj,. By allowing these beakers to stand for several days a l l  o f the 
partic les w i l l  se t t le  to the bottom, and tne superfluous l iquid should 
be siphoned o f f  and can be used again in the following experiments.'
The small amount of water with each division in solution should now be 
transferred to platinum evaporating dishes, evaporated to dryness, ign i­
ted at a low red heat to constant weight, and tne weight carefully 
recorded." The air dry weight can be calculated by means of tne per 
centage of hygroscopic moisture which had been determined by experiment 
upon a separate sample of so i l .
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The weights of the various grades df so i l  are given for the air 
dried weight by Whitney;- and for this reason the results are misleading.' 
fo r  instance, supposing a so i l  contained 35 %■ o f  clay and 10 % of moist­
ure, and another so i l  contained 27 % of clay and 1 % of moisture. Now 
the second soil  contains rea l ly  the larger per centage of clay, but 
according to Whitney’ s table the f i r s t  would seem to contain the larger 
per centage. The weights of the dif ferent grades should a l l  be deter­
mined from the ignited so i l .  Until Whitney’ s results are calculated 
to the ignited weight they are comparatively worthless, and are apt to 
be very misleading.'
After the so i l  has been ignited the d i f ferent  grades are transferred 
to separate phials, and the pnials marked and preserved.'
The advantage of this system of analysis is that i t  does away with 
a large amount of erroft whicn has not as yet been eliminated by the 
present system of analyses.; Tne main advantage however is that tne time 
required for analysis by the centrifugal method is  only about one tenth 
that required for an analysis by the Osborne beaker method.;
-30-
Ixamination of So-Galled "Dead Dog” Soil.; 
Surface Soil .
Locality, Plat 100, Experiment Station farm.; 
Orop, Corn for 1895-0-7. formerly in blue grass.
Diameter Conventional Per Cent
mm.; Names.;
1 >3.16 Coarse gravel .8
3 3.16-1. < fine gravel 3.4
3 1.(-.616 Coarse sand. 15.(3
4 .316-.1 Medium sand 17.1
5 . 1-. O 316 Very f ine sand 11.1
8 .0316-.01 S i l t 14.6
7 .01-. 0033 fine s i l t 31.718
3 <  .0033 Olay 15,9
boss & 1D0“ : o. 3.74 1o 95.6
Loss in ignit ion Org.' m. 16.34 %
Analyst, A.. D.. Snamel.
/dz? x.//
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Alxamination of Hard Pan So i l----Surface.'
Loca l i ty ,  fidgewood, I l l s . '  
Crop, uncultivated.;
Diameter
mm.;
Conventional
Names
Per cent.
1 3.18 Medium gravel .90
2 3.16-1.; Pine gravel . 1
3 1.-.616 Coarse sand .706
4 .316— 1 Medium sand 9.6
5. .1—0316 Very fine sand 16.2
6 .0316— 01 S i l t  ' 16.4
7 .01-.0032 Fine s i l t 24.(2
3 .0032 Clay 32.(2
Loss at 100"' C. 3.03 %
Loss on ign it ion , ! . 6 %
Analyst, A. : D.. Shamel.
X / / /
Soil from 
Mr. Morrison's 
meadow, near 
Odin, I l l s .
Soil from 
Mr.' Healey's 
corn f i e ld ,  near 
Edgewood, I l l s .
Soil  from 
Mr. Harvey's 
plowed f i e ld ,  
neai Effing­
ham, I l l s . '
Soil from 
Ex.' Station 
Farm— meadow 
east of ware­
house.;
Surface
so i l
Sub­
so i l
Surface
so i l
Sub­
so i l
Surface
soi l
Sub­
so i l
Surface
soi l
Sub
so i l
Soil  No.; 
1
Soil No. 
2
Soil No. 
3
Soil No. 
4
Soil No.; 
5
Soil No.' 
6
Soil No. 
7
Soil
3
Goarse sand and
i coarser material 4.6103
CO
1.96 9.49 3.03 3.62 7.04 30.(72 36.62
1
Fine sand 3.63 . 3.03 7.64 3.(72 7.(28 6.00 9.48 9.04
S i l t 75.46 59.17 70.41 52.43 66.(79 54.67 45.06 33.08
Clay 10.78 34. 44 12.08 39.(77 16.97 23.(74 14.57 14.46
The above analyses were made by Mr.' C. G. Hopkins by tile centrifugal method, in tne 
coarsett
case of the material i t  was a l l  placed together in one grade, so that the f i r s t  f i v e
grades of the regular table used in this work are combined into one. The last  three 
divisions are comparable to the same divisions in the regular table.
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The approximate number of particles in the so i l  can be calculated 
from the results of the mechanical analyses by the following formula:
where (a) is the weight of each group of partic les, (d) tne mean diameter 
of the particles ' in the several  groups in centimeters, (w) is tne 
spec i f ic  gravity of tne so i l ,  and 4 is tne totalweight of the soil .For 
tne specif ic  gravity of so i ls  tne constant 2.65 may be used.
In using the formula the per centages are expressed in grams.' Thus, 
i f  there were twenty per cent of s i l t  this would be taken as twenty 
grams, and i f  the results of analyses added up ninety-seven per cent, tne 
whole weight of so i l  would be takers  ninety—seven grams.' The diameter 
(d) is taken as the mean for the extreme diameters taken for any group. 
For instance, for s i l t  tais would be .0158 mm., wnich is assumed to be 
tne diameter of tne partic les in tnat group.' The formula can only give 
approximate values, as tne numbers of separations in an analysis must 
be small. The absolute values of tne partic les could not be determined 
without a vast amount of work done in analysis of a single so i l , '  and tats 
is not desirable or feasible. '
6
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iae Chemical Analysis of Soils.
The cnamical analysis of soils has received much attention in the 
past by the investigators of agricultural subjects. In fact, the 
f i r s t  rapid advancement made by §gricuftural experimenters was along tne 
l ine  of chemical investigations.' During the past few years the attention 
given to tnis department of agricultural analysis has been increasing 
by reason of the importance of tnese analyses in determining tne value 
of so i ls  for the growtn of special crops.; However, chemical analysis 
alone can never hope to give a l l  the information needed in regard to tne 
value o f  soils, as tne chemical constituents, even tnougn tney be •
present in p lent i fu l  quantities, may, by reason of some mecnanical 
structures, be unavailable for the use of growing plants. So i t  is 
advisable to conduct the mechanical and chemical analyses together, in 
order to get a l l  the information possible uthe value of d i f ferent
so i ls .  . .
In view of tnis fact i t  was considered desirable as a part of these 
investigations, to carry on a series of chemical analyses with the 
mechanical analyses, in the work with one or two special so i ls .  The 
so i ls  cnosen were the so called "dead dog" sa i ls ,  and samples from tne 
aard pan d is tr ic t  of southern I l l in o i s  were used, together with samples 
o f  prair ie so i l ,  which w i l l  be described under a separate head.'
The method of analysis was based on the methods adopted by the 
Association of Agricultural Ohemist^in 1395, and reported in bullet in 
Ho..; 46, U.. S. Department of Agriculture. As several important changes
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were made in the method of analysis, and especia l ly  as to the manipulation 
of samples and the various pcocesses^tending toward tne shortening and 
simplifying of the work, i t  is considered advisable to give the method
in detail  nere. The samples were prepared for analysis exactly as in 
tne preceding directions for mechanical analysis, having been passed 
tnrough tne one millimeter sieve after air drying.;
Method of Cnemical Analysis.
1.-—Determination of Moisture.
Heat four to six grams of tne air dry sample in a weighed platinum 
disn for f iv e  nours in a water oven kept briskly boiling.; Oool in a 
dessicator, and weigh.’ Repeat the heating, cooling, and weighing at 
intervals of ts*o nours until weight is nearly constant.’ Weigh rapidly 
to avoid absorption of moisture from tne air.
3.—  Determination of v o la t i le  matter.
Heat the disn and dry so i l  obtained in (1) to fu l l  redness until a l l  
organic matter is burned away.’ I f  tne so i l  contains appreciable 
quantities of carbonates, tne contents of tne disn, after cooling, 
are moistened with a few drops of Ammonium carbonate, dried, heated to 
dull redness to expel salts of ammonia, cooled in the dessicator, and 
weighed.;
3.— Determination of acid-soluble materials.
(a) Place ten grams of tne air dried 3o i l  in a f l a t  oottomeu hard 
glass flask of about 300c.c.’ capacity, and add IDO c.c. pure HOI o f  
specif ic  gravity 1.115, place in water bath, and digest for tea hours
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continuously at the temperature of boil ing water, shaking once each 
hour.; The flask must be immersed in the water bath up to the neck, and
tne water must be kept boiling continuously during the digestion.
Pour the clear l iquid from the digestion f lask into a medium sized 
beaker and wash the residue out of the digestion flask onto an Ash lers  
f i l t e r ,  using a platinum cone and suction pump.; Wash residue tnoroughly 
until free from acid. Bry residue and save for further treatment as 
directed below.;
I'o the acid f i l t r a t e  and washings add ID c.c. dil.HSO^ and evaporate 
to complete dryness in a sand batn not allowing the contents of the 
beaker to boil . Take up with hot water and a few cubic centimeters of 
HD1 , and again evapotate to complete dryness. Take up witn water again 
and a few cubic centimeters of HGi, warm, f i l t e r ,  and wash thoroughly 
with cold water. When cool make up f i l t r a t e  to 500 c.c. This is to be 
known as Solution A. Tne residue obtained nere is to be added to tne 
main dry residue, and tne whole ignited and weighed until weight is 
constant. Inis weight gives the "insoluble matter".'
( b) Determination of f e r r i c  oxide, Alumina, and Phosphoric acid, 
co l lec t ive ly .
To 135 c.c. of Solution A add NH^ OH to slight* alka l ine' reaction 
to precipitate fe r r ic  oxide and Alumina hydrate and phosphates.' Expel 
tne' excess of. idmmoaia < by boiling, allow to s e t t le ,  and decant tne clear 
solution through an Ash lers  f i l t e r .  Adl< to the beaker 5:3 0 . 0. of hot 
d is t i l l e d  water, boil ,  se tt le ,  and decant as before.' After pouring o f f  
the clear solution as far as possible, dissolve with a few drops o f  HOI
-37-
and precipitate agaia with Ammonium hydroxide exactly. as< above;- transfer 
a l l  the precipitate to the f i l t e r  and wash with hot d is t i l l e d  water t i l l  
washings become free from chloride.; Save tne f i l t r a t e s  and washings
which form Solution B. Dry tne f i l t e r  and precipitate, burn carefully 
f in a l ly  ignit ing to brignt redness, cool in a dessicator, and weigh.* ihe 
increase of weight minus the Phosphoric acid (found below) represents the 
weight o f  and AL^..,.;
(c )  Determination of Oalchum.
Evaporate the f i l t r a t e s  and washings from (b) to about 50 c .e . ,  make 
s l igh t ly  alkaline with ammonia, and add while s t i l l  hot Ammonium oxalate 
solution as long as any precipitate is produced. Add a few' centimeters in 
excess. Beat to boil ing, allow the precipitate to sett le ,  decant the 
clear solution on tne f i l t e r ,  dissolve tne precipitate in tne beaker with 
a few drops of HC1, add a l i t t l e  water and reprecipitate, boiling hot, 
by adding NE^ QH to s l ight a lkal in ity , and a l i t t l e  Ammonium oxalate 
solution: f i l t e r  through tne same f i l t e r ,  transfer tne precipitate to tne 
f i l t e r  and wash i t  free from chiorids.' Dry, ign ite  tne precipitate 
tnorougnly over the biast_lamp until i t  ceases to loose weight, weigh, and 
estimate as GaO.
( d) Determination of Magnesium.'
Acidify the f i l t r a t e  and washings from (c )  s l igh t ly  with HOI and 
concentrate to about 50 c.c.'  Make s l ign t ly  alkaline with nH^ Oq, and adn 
suff ic ient Na^ HPO^ . solution to precipitate tne Magnesium. Ihen add 
gradually strong NH^ OH, cover closely, and l e t  stand in the cold for 
twelve hours.' F i l te r  and wash tne precipitate with cold water, to which
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oae fourth i ts  volume of Nfl^OH nas been added, until the f i l t r a t e  acidi­
f ied  with HNOj gives no precipitate with AgSOj, Dry burn at f i r s t  at a 
moderate neat until f ina l ly  ign ite  in tensely, over a blast lamp, and 
weigh as «ig£p,g_07.
(e )  Determination of f e r r i c  oxide.
Evaporate 100 c.c. of Solution A with... tne addition of 10 c.c.; of 
Oon.; H^ S 0  ^ until a l l  HOI is removed;- dilute to 15 c.c. and pass tnrough 
a properly washed and prepared Jones reductor, using 300 c.e. of water 
to wasn out the reductor. Tl.\trate ferrous iron with KMnp^  solution, and 
calculate to feA03.
i f )  Determination of Phospnoric acid.
Evaporate carefully 135 c.c. of Solution A to about 30 c.c. Add 
10 grams of pure crysta l l ized  Ammonium nitrate, and gradually about 
35 c.c. of molyfidic solution, and set in water batn at a temperature 
of 40*'. Allow to stand at this temperature for 3 nours, f i l t e r  carefully 
through a double f i l t e r ,  and wash with a cold solution of Ammonium 
nitrateC1-10). Dissolve tne yellow precipitate on tne f i l t e r  with 
ammonia and hot water, and wash into a beaker to a bulk of not more 
tnan 75 c.c. iMeariy neutralize the f i l t r a t e  with HC1, cool, add magnesia 
mixture from a pipette, slowly, drop by drop, s t irr ing  virorously. After 
f i f t e en  minutes add 30 c .c .o f  ammonia solution of Specif ic gravity 0.96. 
Let stand for twelve hours, f i l t e r ,  and wasn witn cold water to whicn 
1 / 4  of i t s  volume of HB^ OH has bedn added^until free from chlorids, 
ign ite  thoroughly .over blast lamp, and weigh. Calculate to ^ 0/..
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(g) Determination of Sulphuric acid.
Evaporate 135 c.c. o f Solution A nearly to dryness to expel excess of 
acid;- then add 50 c.c. ' of d is t i l l e d  water;- neat to boiling, and add from 
two to tnree cubic centimeters of BaCl^ solution, and continue tne 
boil ing for f i v e  minutes. Allow to stand for twelve hours, f i l t e r  care­
fu l ly  through a double Ash lers  f i l t e r ,  wash witn boiling water until 
f i l t r a t e  is free from chlorids.; Dry the f i l t e r  and ignite strongly. 
Oalcuiate SO3 .
( n) Determination of Potash and Soda.
Treat tne f i l t r a t e  from (g) with NH4OH exactly as in (b ) .  Evaporate 
tne f i l t r a t e  and washings to dryness in a platinum dish on tne water bath. 
Heat below redness, until ammonium salts are expelled, dissolve in about 
35 c.c. of not water and heat to boiling;- l e t  se t t le  a few minutes and 
test a l i t t l e  of tne clear liquid witn more baryta water to be sure that 
enough has been added. When no further precipitate is produced,fi lter 
and wash thoroughly witn not water. Add ammonia and Ammonium carbonate 
to complete tne precipitation of Barium, l e t  stand a snort time in tne 
water bath, f i l t e r ,  and wash tne precipitate thoroughly with hot water;- 
evaporate f i l t r a t e  and washings to dryness in a platinum dish, expel 
ammonium salts by neat below redness, take up witn a l i t t l e  not water, 
add a few drops of Ammonium carbonate, l e t  stand a few minutes on the 
watef bath, f i l t e r  into a weighed platinum disn, evaporate to dryness 
on the water bath, and neat to dull rednehs until a i l  ammonium salts are 
expelled and tne residue is  nearly or quite white.; The heat must not 
be suff ic ient to fuse the residue.' The weight represents fotassium and
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Sodium chlorides.; Save residue carefully, and from taese determine 
the K and ha.
4. -—03termination of 00^.
Use from f iv e  to ten grams of sample in any of tne usual forms of 
apparatus, determining tne amount of G0  ^ evolved by increase of weight of 
potash bulbs.
5. :—Determination o f  Total Nitrogen.'
Weigh o f f  ten grams of so i l ,  place in a small Kjeidohl digestion 
flask, add 35 c.c. of concentrated H^ SG^  containing one gram of Sa l icy l ic  
acid, shake thoroughly, and allow to stand ten minutes with frequent 
snaking;- then add f iv e  grams of Sodium thiosulphate and ten grams of 
Potassium sulphate. Heat very gently until frothing ceases, tnen heat 
strongly until colorless. Transfer to d i s t i l l in g  flask with water free 
from ammonia, after f i l t e r in g  tne solution, which .Last is best done 
through an asoeatos f i l t e r .  Add 100 c.c. NaQ# solution and d is t i l  into 
normal acid solution. Ti\t rate with normal NH«*0H and calculate N.
6 . -—Determination of Humus.
Weigh o f f  ten grams, transfer to funnel with a platinum cone and 
asbestos f i l t e r ,  and extract with one per cent.. HOI until the f i l tn a te  
gives no reaction with Ammonium oxalate, remove acid by washing with 
water. The contents of the funnel are then wasned into a glass stoppered 
cylinder with 500c.c. o f  four per cent, ammonia and allowed to remain 
with occasional snakings for twenty four hours.' During this time tne 
cylinder is inclined as much as possible without bringing the contents 
in contact with tae stopper, thus allowing tne so i l  to se tt le  on tne
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side of the cylinder, and exposing a very large surface to the action of 
the ammonia. The cylinder is tnen placed in a ver t ica l  position and 
l e f t  for twelve nours, to allow tne sediment to se t t le  to tne bottom.
The supernatant l iquid is f i l t e r ed  and an a l iqu io i t  portion evaporated, 
dried at 100“ 6 ., and weighed.; The residue is tnen ignited and again 
weighed.; The numus is calculated from the difference iff weight between 
the dried and tne ignited residues.
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OHMiQAL ANALYSIS OF DEAD DOG SOIL.' 
From Experiment Station Farm.'
Insoluble matter ,
No. 1.i ' No. 2 .;
i
Soluble s i l i c a  ‘
51. <21 51. <25
Lime # 15. <15 15.86
magnesium oxid .00132 .00134
Ferric oxid ) 
Alumin oxid ) 9.16 9.16
Pnospnorus .003 .0032
Sulphur tr iox id .0016 .0019
Oarbon dioxid 8.899 3.863
Water and organic matter 20.07 20 . 0 1
Nitrogen 0.49 0.49
Hygroscopie moisture 3.75 3.74
Humus
Tested alkaline witn Litmus paper.
1V /D  C^f<~
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CHEMICAL ANALYSIS 0P HARD PAN SOIL
from Edgewood, ,  I l l s .
V
No.; 1 . No. 3.
Insoluble matter )
Soluble s i l io a  j 30.67 30.75
Lime .00533 .00531
Manganese o l id .0344 .0344
fe r r ic  oxid }
Alumina } 13.6 13.4
Phosphorus .031 .019
Sulphur tr ioxid .0037 .  0033
t
Carbon dioxid none none
Water and organic matter 30. 6 30. (3
Nitrogen — —
Hygroscopic moisture 4.9 4.7
Humus 1 . (33 1 . 1 1
Tested neutral with Litmus paper.
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From a study of the foregoing chemical analysis of the "dead dog'1, 
so i l  and tne "hard pan" so i ls  we can say that: f i r s t ,  in the case of the 
dead dog so i l ,  i t  seems to nave a l l  tne elements of plant food in 
abundance, and i ts  mechanical texture is such that nothing can be told 
from taat source;- i t  was further found that i t  tested alkaline with 
litmus paper, and this a lka l in ity  may have had something to do with i ts  
peculiar benaviour. toward certain crops. Tne very large per centage'of 
lime would indicate something of this kind. However, further study 
must be made to reveal tne true nature of tnis peculiar soil and i ts  
relation to the growth of crops. Second, in tne case of tne hard pan 
so i ls  mechanical analysis reveals tne fact that i t  is in large part 
a clay so i l ,  and the great per centage of i ts  make up is of .the f inely  
divided partic les, showing taat i t  does not have the porosity of our 
common soils; further, chemical analysis shows that this so i l  is very 
defic ient in numus and organic matter, and reveals in tnis way perhaps 
the true reason of i t s  unproductiveness. Certainly i t  is very deficient 
in this very necessary constituent of plant food, and without i t  w i l l  
be useless for the growing of many im .^<frtant agricultural crops.
In conclusion we may say that further work must be done along the 
l ine of the study of so i ls ,  in fact, such investigations have just 
begun.' There seems to be rto doubt but that in the mechanical analysis 
the centrifugal method is best suited for the work, and eliminates many 
of the errors thatAoccurred in previous work.
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